Introduction:
For advocates of patent protection in relation to biological and genetic material this process of expansion is vital to enable companies and other organisations to secure capital, protect their investments in R&D from competitors, and to secure a return on these investments. On a wider level it has been argued that the internationalisation of patent protection has an important role to play in the world trade system through the promotion of increased Foreign Direct Investment (FDI), technology transfer and enhanced trade in goods and services. 2 However, the rapid extension of patent protection to biological and genetic material also raises substantive questions surrounding the human rights, ethical, social, scientific, economic, environmental and legal implications of intellectual property protection in the realm of biological diversity. These questions range across the spectrum of biological diversity from microorganisms, to plants, animals, humans and the biological and genetic make-up of life on this planet.
On the international level the intensity of debates about intellectual property protection in the realm of biological diversity is exemplified in the concept of "biopiracy". The concept of biopiracy emerged during the mid-1990s to describe the processes through which individuals and institutions from developed countries were collecting potentially valuable knowledge and resources in the South that were then enclosed through intellectual property at the expense of the rights of indigenous peoples, local communities, farmers and developing countries. 3 The problem of biopiracy is now a major focus of international attention under the Convention on Biological Diversity, within the World Intellectual Property Organisation and the TRIPS Council under the World Trade Organisation.
However, the promotion of strong forms of intellectual property protection in relation to biological and genetic material is also increasingly seen as problematical in developed countries. These concerns range from the ethics of patenting DNA and stem cells, to the impacts of patent activity upon the openness of scientific research, competition policy in the realm of industry, and the implications of the internationalisation of patent protection for international development. In particular, within countries such as the United States there is growing concern that the integrity of the patent system has been undermined to such an extent that it is now an impediment to science and innovation. 4 On this basis a number of proposals for reform are emerging. These include open review of patent applications and the development of new "open" or "commons" models adapted to the changing nature of science and innovation in the 21 st Century. 5 Above all, there is a growing recognition that in the realm of biodiversity and what has been called the emerging "bioeconomy" on the cellular and genetic level one size will not fit all. 6 A central problem within these debates is that intellectual property is by its very nature difficult to see. As a result existing approaches by pioneering NGOs and researchers have focused on individual case studies as a means to highlight the nature of the problems and concerns generated by intellectual property. However, as the OECD has recently argued, in an era of the globalisation of intellectual property there is a need for a "clearer view" in relation to patent activity.
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This paper is concerned with contributing to the development of a clearer view of patent activity in relation to biological diversity and traditional knowledge. The paper focuses on the need for evidence based approaches to the analysis and assessment of patent activity and addresses three main questions:
1.What is actually happening in relation to the patenting of biological and genetic material and traditional knowledge? 2.Who is doing what, where, and how? 3.How are we to assess the implications of these activities for science, society and policy?
The paper focuses on addressing the methodological challenges involved in trying to answer these questions and provides an introduction to research methods to address these questions. The paper does not assume any prior knowledge of the patent system. Researchers are strongly encouraged to use, refine and improve on the methods presented in this paper and to share their findings with the wider community.
The paper is divided into four sections. Section I provides a basic introduction to the international patent system. Section II provides a series of research tools for carrying out patent research in relation to biological diversity and traditional knowledge. Section III introduces the international patent portfolio approach to patent research using a working example. Section IV provides a series of quantitative and qualitative assessment criteria that researchers may find useful in seeking to examine patent activity in relation to a particular species, genus or sector of patent activity involving biodiversity and traditional knowledge.
The paper makes four recommendations in relation to the evidence based assessment of the relationship between biodiversity, traditional knowledge and the patent system.
1.
The formation of open-ended interdisciplinary research groups to conduct and coordinate evidence based analysis;
2.The refinement and improvement of research methods for biodiversity, traditional knowledge and the patent system; 3.The development of indicators on the national, regional and international level to inform science, society and policy;
4.The development of alternative models to promote science and innovation directed towards agreed goals.
Section I The International Patent System What is a patent?
A patent is a legal certificate that awards a temporary legal monopoly over a claimed invention for a period that is generally twenty years. 8 Patents are awarded in accordance with three criteria, they must be: a) new (or novel); b) involve an inventive step (be non-obvious), and; c) be capable of industrial application (be useful or of utility).
A patent awards an exclusive temporary protection to its holder including the right to exclude others from "making, using, offering for sale, or selling" or "importing" the pro-tected invention into a jurisdiction where the patent protection is in force, or to charge others for any uses or purposes involving the protected invention within such jurisdictions (i.e. through licensing).
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The availability of patent protection as a strong form of legally enforceable monopoly has historically been justified in terms of the provision of incentives for innovation on the grounds that in the absence of incentives innovators will either cease to invent, or that they will choose to keep their inventions secret. The patent system seeks to simultaneously promote innovation through the provision of an incentive (an exclusive period of monopoly) and to promote the wider use and availability of inventions by requiring that patent applicants disclose their invention within applications. This is frequently presented in terms of a "bargain" between society and inventors in which society agrees to accept the burden of a limited period of monopoly in return for useful inventions becoming widely available to the public once the period of protection ends.
The 1990s witnessed the extension of this reasoning to biological and genetic material on the international level under the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) that emerged from the Uruguay Round of the GATT trade negotiations. 10 The following provisions of the TRIPS agreement are directly relevant to understanding this process of expansion in relation to biodiversity and the patent system: Article 27: Patentable Subject Matter 1. Subject to the provisions of paragraphs 2 and 3, patents shall be available for any inventions, whether products or processes, in all fields of technology, provided that they are new, involve an inventive step and are capable of industrial application. Subject to paragraph 4 of Article 65, paragraph 8 of Article 70 and paragraph 3 of this Article, patents shall be available and patent rights enjoyable without discrimination as to the place of invention, the field of technology and whether products are imported or locally produced.
2. Members may exclude from patentability inventions, the prevention within their territory of the commercial exploitation of which is necessary to protect ordre public or morality, including to protect human, animal or plant life or health or to avoid serious prejudice to the environment, provided that such exclusion is not made merely because the exploitation is prohibited by their law.
3. Members may also exclude from patentability: (a) diagnostic, therapeutic and surgical methods for the treatment of humans or animals;
(b) plants and animals other than microorganisms, and essentially biological processes for the production of plants or animals other than non-biological and microbiological processes. However, Members shall provide for the protection of plant varieties either by patents or by an effective sui generis system or by any combination thereof. The provisions of this subparagraph shall be reviewed four years after the date of entry into force of the WTO Agreement. (emphasis added)
The provisions of the TRIPS agreement have been a major focus of scholarly and policy attention.
11 TRIPS introduces an international requirement for member states of the World Trade Organisation (WTO) to extend patent protection to biological and genetic material with very limited exceptions. Thus, Article 27. 3 (b) establishes that limited exceptions are available for patentability in relation to plants and animals, but that protection must be made available for microorganisms, non-biological and microbiological processes. Furthermore, member states shall also provide patent protection or sui generis (specially generated/of its own kind) protection for plant varieties (or both). 12 The provisions of the TRIPS agreement have been accompanied by stronger provisions for intellectual property protection in relation to biological and genetic material within regional and bi-lateral trade agreements. 13 This paper is not concerned with a detailed assessment of the TRIPS agreement or proposals for reform, but instead asks the basic questions: a) what is actually happening in relation to patent activity for biological and genetic material in a post-TRIPS world, and; b) how do we find out? In order to answer these questions we need to begin by gaining a basic understanding of the scale of the global patent system. The scale of the patent system as it emerged during the 1990s can be appreciated from the figures for patent grants across 114 countries provided in Figure 1 based on WIPO statistics for 1990-2000 broken down by United Nations geographical "macro regions" for the purpose of illustration. 16 demand for patent protection. Figure 1 also provides an initial indication of variations in demand across the major world regions and the importance of grants to non-residents. In seeking to understand these developments we need a basic understanding of the role of patent instruments.
The Role of Patent Instruments:
In order to make it easier and less costly to secure patent protection, applicants are increasingly provided with a range of routes through which to file their applications. These routes are: a) national; b) regional, and; c) international.
In the case of the national route, the majority of patent applications are submitted through the national patent office in the country of origin. This can be illustrated for patent applications worldwide in the period between 1998 and 2002 as established by the Trilateral Offices (the European Patent Office, the Japan Patent Office and the United States Patent and Trademark Office) and set out in Figure 2 .
In considering Figure 1 it should be noted that the data refers to reports from countries within each "macro region" on patents granted in accordance with whether the awards were made to residents or non-residents. 17 It should also be noted that because we are dealing with large "macro regions" the data for non-residents will include awards to applicants within the region (i.e. Europe as a macro region).
However, Figure 1 clearly demonstrates that the 1990s witnessed the emergence of major 14 WIPO Patent Statistics 1990 -2000 The effect of the growing number of regional patent instruments and the Patent Cooperation Treaty (PCT) is to introduce a series of multiplier effects into the international patent system. This can be briefly illustrated for the most important of these instruments, the Patent Cooperation Treaty (hereafter, the PCT).
Under the terms of the PCT a patent applicant is able to submit a single patent application for protection which names ("designates") other Contracting States. As of the 1 st of January 2004, all PCT applications automatically designate the 128 member states. The effect of the PCT is that in theory the 114,048 PCT applications filed in 2002 could result in applications for patent protection in upto 128 Contracting States.
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In practice, a single application under the PCT rarely, if ever, results in applications in all Contracting States. However, the multiplier effects of the PCT upon international demand for patent protection is brought into greater focus by data on trends provided by the Trilateral Offices in Figure 3 . Figure 3 suggests that the impact of the PCT upon cumulative demand for patent protection world-wide is dramatic. According to these figures in 1998 worldwide demand for patent protection consisted of 6, 184, 777 In reality, as the OECD has argued, designations can best be described as a potential option to pursue protection in multiple countries. 27 The practical consequence of this is that while the PCT is the main driver of demand for patent protection on the international level, the impact of the PCT on global demand is exaggerated by the manner in which the statistics are calculated.
As the OECD has recently established in the case of European Patent Office, the inclusion of PCT data results in a 23.7% over-estimate of demand for patent protection.
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This figure may be considerably higher in developing countries where over 90% of apparent patent demand may be through the PCT route. 29 These problems expose the general lack of attention that was paid to methodological development and evidence based analysis at the time of decisions to internationalise the patent system. Nevertheless, international demand for patent protection has undoubtedly expanded dramatically. For the present purposes the data on global patent trends helps to bring into focus the scale of the international patent system and the challenges confronting researchers seeking to focus on patent activity in relation to biodiversity and traditional knowledge. The key question arising from the scale of the international patent system for researchers is how can biodiversity and traditional knowledge be isolated within the patent system? In order to answer this question a basic understanding of the classification of patent documents is required.
The International Patent Classification (IPC):
One option in conducting research on patent activity in relation to biodiversity is to simply insert the name of a species, genus or common names into a patent database and read the results. We will use this approach below and it works well where there are small numbers of results. However, in some cases the number of results may be overwhelming (i.e. rice) and/or the majority may be irrelevant to the analysis of patent activity that makes claims over biodiversity and traditional knowledge.
In order to organise and manage patent documents patent offices have developed classification systems that operate on the national, regional and international level. These classification systems commonly consist either of numerical classifiers (i.e. the United States Classification or USC) or of combinations of letters and numbers (i.e. the European Classification or ECLA). The primary purpose of patent classification systems is to allow patent examiners to easily retrieve patent documents for the purpose of assessing patent based prior art when reviewing new patent applications.
For the purposes of international research on biodiversity the most important patent classification system is the International Patent Classification (IPC). The IPC was established under the 1971 Strasbourg Agreement Concerning the International Patent Classification to facilitate the identification of prior art. 31 The IPC is in use by patent offices worldwide and the latest version of the IPC (IPC8) includes approximately 20,000 classification codes on the "core" level and an additional 50,000 codes on the "advanced" level.
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The IPC structures the classification of patent documents into eight sections according to the area of technology. These are:
Section A: Human Necessities Section B: Performing Operations; Transporting Section C: Chemistry; Metallurgy Section D: Textiles, Paper Section E: Fixed Constructions Section F: Mechanical Engineering; Lighting; Heating;
Weapons; Blasting Section G: Physics Section E: Electricity
The International Patent Classification is of central importance for the analysis of patent activity in relation to biodiversity because it allows researchers to narrow the field of enquiry. Thus, the vast majority of biodiversity and traditional knowledge falls within two areas of the patent system: Section A for Human Necessities and Section C for Chemistry. Additional, albeit more limited, references are located in other Sections (Section B -transporting in relation to bionanotechnology, Section G -Physics in relation to genomics and proteomics and Section E -Electricity for bioinformatics etc.).
The IPC is hierarchical in nature and each section is subdivided into a series of more detailed classifiers at the level of classes, sub-classes, groups and sub-groups. The hierarchical nature of the IPC can be briefly illustrated in Table Two. 27 Dernis, H and Guellec, D and Pottelsberghe, B (2001) The practical significance of the hierarchical structure of the IPC is that it can be used to locate patent documents that make reference to biodiversity and examine trends in specific sectors of activity related to biodiversity. Table  Three sets out the basic IPC classifiers that are related to biodiversity and traditional knowledge based on a detailed review of the IPC. Knowledge of the basic structure of the IPC is particularly powerful in refining searches for biodiversity and traditional knowledge using patent databases. Thus, the basic classification codes provided above can be combined with searches for species, genera, families or the components of organisms using simple formulas within patent databases. The main advantage of this approach is that it reduces the number of irrelevant results when conducting patent research and facilitates the analysis of sectors of activity. For example, a general formula to capture biodiversity and traditional knowledge using the basic classifiers in Table Three is as follows: (species or genera or family or common name or components) and (A01 or A23 or A61 or B82 or C07 or C08 or C11 or C12 or C40 or G01 or G06) However, it is also important to recognise that patent activity relating to biodiversity and/or traditional knowledge can be divided into a number of sectors. Patent activity in one sector (i.e. agriculture) may possess very different characteristics and implications when compared with patent activity in another sector (i.e. ethnobotanical or traditional medicines). These sectors will also involve different actors. Knowledge of the IPC provides a powerful tool for confining research to these specific sectors of activity (i.e. cosmetics or genomics) in order to examine the actors involved and the implications of patent activity for science, society and policy (see below).
Section II

Research Tools:
So far we have seen that researchers seeking to examine patent activity in relation to biodiversity and traditional knowledge are immediately confronted by the problem of the scale of the international patent system. We have also seen that a basic knowledge of the International Patent Classification can assist researchers in targeting their research to those areas of the patent system involving actual claims over biodiversity and traditional knowledge. We now turn to key research tools that can be used for patent research in relation to biodiversity and traditional knowledge.
The general objective of patent research for biodiversity is to capture, to the extent possible, the complete universe of patent activity relating to a particular species, genus, family or the components of organisms and related traditional knowledge. 
Patent Databases
Patent databases are the primary tools for patent research in relation to the assessment of patent activity on the national, regional and international level and the statistical analysis of patent trends. The importance of patent databases is likely to accelerate as patent offices increasingly switch to the electronic filing of patent applications.
In broad terms, patent databases are divided between freely available databases and commercial databases. Commercial databases such as the Word Patent Index or Micropatent offer significant advantages in terms of coverage and analytical tools compared with free databases. It is therefore strongly recommended that institutions and organisations with financial resources should acquire commercial services. However, the cost of commercial services may be beyond the resources of many researchers and organisations. 34 This discussion therefore focuses on the use of free research tools. Much can be achieved through the use of these tools.
In considering the use of databases it is important to recognise the strengths and weaknesses of particular database systems. In some cases, such as the European Patent Office esp@cenet database, searches for species, genera, common names or components are limited to searches of the title or abstract of patent documents. This means that searches will only capture references to the search terms where the terms are included in the title or abstract of the documents. In contrast, searches of whole text databases are not limited in this way but may cover a lower number of countries or limit searches in various other ways (i.e. the databases of the United States Patent and Trademark Office).
These constraints can at least partly be overcome through the use of a combination of freely available tools. Key freely available resources include: 
National Patent Databases:
In the context of international debates surrounding "biopiracy" much attention has focused on the patenting of resources and knowledge originating in the South by organisations and entities based in the North. However, a "South" vs. "North" perspective fails to capture the reality that most patent applications worldwide are filed directly with national patent offices. While national patent filings are dominated by developed countries, national level patent activity in developing countries may hold substantive implications for indigenous peoples, local communities and other members of society. Here it may be noted that a number of developing countries, such as China and India, are becoming increasingly active in patenting on the national and international level. A non-discriminatory approach to the analysis of patent activity will therefore provide a clearer view of actual activity than a "South" vs. "North" perspective. Analysis of patent activity in relation to particular species, genera or the components of organisms should therefore begin on the national level.
National level patent databases can be located through services such as ipmenu.com, the British Library or WIPO. 39 Individual national databases will vary both in terms of the quantity of information that is publicly available and the capacity to conduct searches.
The United States Patent and Trademark Office (USPTO) databases:
The United States is a major world market and as a consequence patent applicants frequently seek protection in the United States irrespective of their country of origin. According to the USPTO an estimated 48-49% of patent grants in the United States are awarded to non-residents.
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This provides an important opportunity to identify patent activity in relation to biodiversity and traditional knowledge outside national jurisdictions and a platform for further research on international patent activity.
The USPTO database is a whole text database including US patent grants, patent applications and plant patents.
The database also provides options for the use of IPC formulas to refine searches.
The In practice, patent researchers should search both patents granted and published applications in developing an international patent portfolio (see below). Additional functionality in searching the USPTO database is provided by free services such as freepatentsonline.com or BIOS Patent Lens.
The European Patent Office esp@cenet "worldwide" database:
The European Patent Office hosts the esp@cenet database. esp@cenet is the largest freely accessible patent database in the world and brings together patent information from over 70 national patent offices, esp@cenet is a vital tool for patent research in relation to biodiversity and traditional knowledge. However, search options in the worldwide database are presently limited to the titles and abstracts of patent publications in English. This situation is likely to change in the next few years as demand for full text searching grows from users.
esp@cenet offers a "basic" and an "advanced" search option. esp@cenet also presents a choice of databases to search:
Separate access is also provided to the regional esp@cenet LATIPAT database with over 230,000 entries in Spanish and Portuguese from 19 Ibero-American countries. 42 Free access can also be gained to individual European national databases hosted through esp@cenet.
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For the purpose of assessing patent activity for biodiversity the "worldwide" option is generally to be preferred. For more refined research, i.e. the European Patent Office, the Patent Cooperation Treaty (PCT) or Latin America, the searches can be confined to the respective individual databases.
It is also important to recognise that esp@cenet only contains patent publications that have been submitted by the participating national and international patent offices. In using esp@cenet it is therefore important to note that the national patent office (i.e. the country of origin) may possess more complete records than esp@cenet. Details of data coverage for participating patent offices should be consulted in employing esp@cenet for patent research.
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This is also true for research using regional databases such as LATIPAT which contains content in Spanish and Portuguese that is distinct to that within the main worldwide database. 45 However, while it is important to recognise the limitations of esp@cenet it is also important to recognise its very considerable strengths as the main freely accessible worldwide patent database. At the time of writing users are increasingly demanding the creation of a full text version of the database and the expansion of the free "Open Patent Service" facility. 46 Third parties are also seeking to provide additional functionality in searching esp@cenet through the provision of a range of software tools.
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Other Database Services:
Other important database services include the following:
a) BIOS Patent Lens:
The BIOS Patent Lens is a free whole text patent database that now includes over 2 million life science patents. This initiative forms part of the work of the non-profit Centre for the Application of Molecular Biology to International Agriculture (CAMBIA) in Australia directed towards the promotion of open source biology and biotechnology. The patent database presently covers PCT, European Patent Convention (grants), United States Patents (applications and grants) and Australian patents (grants).
b) Derwent Delphion and the World Patent Index:
The Derwent Delphion service is a commercial service with limited free access options. Patent searching options include the major jurisdictions. Delphion also provides pay per view access to the World Patent Index which is owned by its parent company the Thomson Corporation. The World Patent Index includes enhanced coverage of international patent publications. Titles and abstracts are also re-written to provide more detail. The World Patent Index is used by the major patent offices for this reason. However, statistical analysis tools are limited. The World Patent Index can be accessed through a variety of Thomson Corporation information portals notably: Dialog, Questel.Obit, STN and Westlaw.
c) Micropatent
Micropatent offers a range of commercial database services including the Micropatent Index and the Aureka patent analysis software. 48 This includes powerful analytical tools and is recommended for those with sufficient resources. Data coverage for Aureka is presently limited to the United States, the European Patent Convention, Japan, Germany, France, Great Britain and the Patent Cooperation Treaty. Access is provided on the basis of yearly contracts. Micropatent is also part of the Thomson Corporation.
Keyword Search Strategies:
The most commonly used method for assessing patent activity in relation to a particular species or genus is through the use of keywords (i.e. for a specific species or its components).
Two issues are involved in keyword based search strategies:
a)The key terms to be used; b)The type and limitations of the database that is to be searched.
In approaching research on the presence of biodiversity within the patent system a key challenge is the identification of the relevant variety, species, genus, family and components of organisms. These materials can be compiled from a variety of sources, notably botanical literature, herbaria and museums, private databases and online databases. A non-exhaustive list of useful resources is provided in Annex 1.
In considering the wide range of resources available on plants, animals and other organisms from many parts of the world researchers will need to think carefully about the species, genera, family or component they wish to target. In preparing lists of keywords for use in patent research the following information is desirable: In preparing to use key word search strategies for the assessment of patent activity for biodiversity and traditional knowledge it is important to recognise two constraints. First, on the international level there are presently no clear and consistent rules surrounding the disclosure of the species or genus name, associated common names, the country of origin or source (i.e. a public collection) of the material, and the names of indigenous peoples and local communities within patent applications. Second, patent claims may be made at the level of a genus (i.e. Lepidium), the family level (i.e. Brassicaceae), or at the genetic level, rather than at the level of individual species or varieties. In the case of chemical compounds isolated from a species or genus the origins of the compounds with biodiversity can be very difficult to detect.
This introduces a need to use a combination of species names and common names in patent searches to enhance data capture but also raises questions surrounding the extent to which searches will capture all relevant patents. A considerable amount can be achieved using key terms. However, data capture will not be ensured in the absence of additional requirements for patent applicants to provide specific information.
A second issue concerns the nature of patent databases.
In the case of the USPTO it is possible to search the whole text of patents. In contrast, in the case of the European Patent Office esp@cenet worldwide database only the title or abstract of publications in English may be searched. The significance of the limitations of databases such as esp@cenet compared with whole text databases can be revealed by examining the raw results of a search of the USPTO for patents involving or related to: Banisteriopsis caapi (for Ayahuasca from Amazonia) and Lepidium meyenii (Maca from the Peruvian Andes) and; rice (genus Orzya for wild rice relatives and Oryza sativa for domesticated rice) as set out in Table Five . As Table Five makes clear, the majority of references to the genus, species and components of organisms are located in the specification (description) section of USPTO patents with only limited references in the title and abstract. As this suggests, the key constraint in the use of terms to search the titles and abstracts of patent publications in esp@cenet is that it will not capture the full spectrum of patent publications including the particular genus, species or components of an organism or references to the 
Using Search Formulas:
In approaching patent research for biodiversity the simplest form of search will consist of a single species name i.e. Lepidium meyenii or Maca from Peru. 50 One option for researchers is to simply print out the results for an individual variety, species or genus or components of interest. However, a variety or species may possess one or more common names (i.e. Maca, Peruvian ginseng, maka, mace, Maca-Maca, maino, ayak chichira, ayuk willku, pepperweed) that may be used by patent applicants.
51 Furthermore, this becomes more complex when chemical compounds or the genetic components of organisms are involved. Conducting individual searches for each of these terms will produce many duplicate results and is time consuming. These difficulties can partly be addressed through the use of simple search formulas in conjunction with patent databases.
a) Simple Search Formulas:
Searches of patent databases can be automated in a variety of ways using simple "Boolean" formulas consisting of terms, known as operators, such as AND, OR and NOT.
52 These terms can be used to combine searches of multiple key words or confine searches to areas of the patent system that are known to be relevant to biodiversity and traditional knowledge. Examples of such formula include the following: ("Banisteriopsis" OR "caapi" OR "ayahuasca") This search will focus on patents which contain these terms anywhere within patent publications within a database. The formula has the effect of searching for documents containing the genus Banisteriopsis, followed by the term caapi and finally ayahuasca and then compiling the results. When compared with using individual search terms i.e. Banisteriopsis, one by one this has the advantage of compiling all the results in one search. This saves time by reducing the number of results that are repeated.
In the case of USPTO patent grants this formula produces 3 results. Where the chemical constituents of a plant or other organism of interest are known, this can be extended to include known compounds:
("Banisteriopsis" OR "caapi" OR "ayahuasca" OR "harmaline" or "harmine" or "tetrahydroharmine")
In the case of the USPTO this produces 82 results. The results pages can then be printed and individual patents checked for relevance as a basis for constructing a portfolio of results and further analysis.
b) Multi-Species Searches:
Using a similar approach searches can be constructed for multiple species, genera or families of interest as follows:
("Abrus precatorius" OR "Achyrocline satureoides" OR "Adiantum capillus-veneris" OR "Ageratum conyzoides" OR "Alchornia castaneifolia" OR "Anacardium occidentale" OR "Andira inermis" OR "Aniba canelilla" OR "Aniba rosaeodora")
This search produces 160 raw results when used with the USPTO patent grants database and can provide a basis for further research relating to patent activity in relation to the chemical constituents of these plants. Many databases will place limits on the number of characters that can be included in a search. Thus, it will not generally be possible to construct multi-species searches for tens or hundreds of species or genera using free tools. Furthermore, the results of such searches may be overwhelming and unmanageable.
c) Country of Origin/ Indigenous Peoples:
These searches can also be targeted to patents which make reference to particular countries or indigenous peoples through the use of the term AND.
("Brazil") AND ("Abrus precatorius" OR "Achyrocline satureoides" OR "Adiantum capillus-veneris" OR "Ageratum conyzoides" OR "Alchornia castaneifolia" OR "Anacardium occidentale" OR "Andira inermis" OR "Aniba canelilla" OR "Aniba rosaeodora")
This formula functions in two ways. First, the database searches for the term Brazil in patent documents. There are a total of 2,377 patents in the USPTO patent grants database that contain the term Brazil. Second, the database then searches within those patent documents for documents containing one or more of the species names within those documents. This reduces the total to 13 raw results and saves considerable time.
However, there are significant limitations to this approach. Thus a search for Peru and Lepidium meyenii reveals 2 patent grants. In contrast, a search for Lepidium meyenii reveals 6 patent grants while a wider search for the genus Lepidium reveals 841 results. This reveals that while country of origin searches can contribute to the identification of patents arising from collection in specific countries, or sourced from such countries, in practice the inclusion of country of origin (or indigenous peoples) is presently at the discretion of applicants. The main utility of the above formula is in providing initial leads for further research. A more accurate picture will only emerge through the use of the names of species or genera that are known to have their origins in a particular country or region.
d) Using Patent Classifiers:
One of the major problems in conducting patent research for biodiversity is reducing the number of irrelevant results. Thus, for example, the search term "maca" captures patents in the realm of chemistry and physics that do not refer to an Andean plant and other irrelevant results i.e. "macaroni". Furthermore, the aim of patent research in relation to biodiversity is assumed to be to capture patent activity that makes claims in relation to organisms or their components and the uses of those components. In cases such as rice (Oryza sativa) this presents the problem that tens of thousands of patent publications make reference to the search term but may not actually involve claims to rice or its components. Thus, patent search results for rice will include machinery for processing or transporting rice, kitchen equipment and the surname "Rice". In short, there may be many thousands of irrelevant results.
In order to address this problem, IPC classifiers can be used to confine the searches to areas of the patent system known to involve claims over biodiversity and the components of organisms. As we have seen above, the generic IPC formula below reveals that in general biodiversity related patent activity falls into eleven areas of the international patent system.
(species or genera or family or common name or components) and (A01 or A23 or A61 or B82 or C07 or C08 or C11 or C12 or C40 or G01 or G06)
This formula is constructed on the class level and is designed to capture the vast majority of patent activity that involves claims to biological diversity, the components of organisms and traditional knowledge.
However, the class level is quite general and in practice the majority of biodiversity falls into quite specific areas of the patent system on the sub-class level. This knowledge can therefore be used to target searches to these specific areas.
In the case of the USPTO databases searches are confined to the sub-class level (the level immediately below the general formula provided above) and require the introduction of specific characters (i.e. additional zeros in IPC classifiers or truncation marks such as $) in order to function. In some cases, such as the USPTO, the total number of characters that can be used within formulas are also limited. For example, the USPTO limits the number of characters to 256 following conversion ("parsing") by the database.
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The formula used below has been constructed for use with the USPTO patent grants database and pushes the database to its limits. The use of shorter formulas to target sectors of activity is discussed in detail below.
The formula is intended to limit searches to the main areas relating to biodiversity while reducing the numbers of false results. For this reason, areas of the patent system i.e. baking, or resins and paints have been excluded for the moment. Relevant classifiers in the area of physics are also excluded for the moment on the basis that their inclusion tends to introduce many false results for common names. These exclusions will be addressed below and further guidance on the use of formulas to search specific sectors is also provided below.
IPC formula combinations can be used in a variety of ways: a) for species, lists of genera, common names or components of organisms; b) for the names of countries of origin or indigenous peoples; c) for regions. The following formula can be used with the USPTO patent grants database.
("Lepidium meyenii" or "maca") and icl/(A01H$ or A01N$ or A23L$ or A61K$ or B82B$ or C07C$ or C07D$ or C07H$ or C07K$ or C08H$ or C08L$ or C11B$ or C11C$ or C11D$ or C12N$ or C12P$ or C12Q$ or C12R$ or C40B$)
In the case of these search terms the formula produces a total of 29 raw results for patent grants. The search can also be refined to limit the results to specific dates as follows.
("Lepidium meyenii" or "maca") and icl/(A01H$ or A01N$ or A23L$ or A61K$ or B82B$ or C07C$ or C07D$ or C07H$ or C07K$ or C08H$ or C08L$ or C11B$ or C11C$ or C11D$ or C12N$ or C12P$ or C12Q$ or C12R$ or C40B$) and isd/(01/ 1/1990->12/31/2005) This produces 27 raw results for patent grants between the specified dates. In contrast a search for the simple term "maca" without the formula produces 163 results. The effect of the formula is to remove areas of the patent system (notably physics) where maca is also a commonly used term but does not refer to an Andean plant. Once again the raw results will need to checked to exclude irrelevant results.
In the case of countries of origin the same formula search using the term Brazil revealed 1,166 raw results across USPTO patents granted and 1,392 in the case of Mexico as a basis for further research. A regional level search for the term Amazon produces 94 raw results and 78 raw results for Andes or Andean between the specified dates.
As this suggests, IPC classifiers perform the useful service of targeting searches to areas of the patent system that are known to involve claims over biodiversity, the components of organisms and/or traditional knowledge.
In particular, it is important to emphasise that patent documents are commonly awarded more than one classifier. This trend will increase under the new IPC8 which is promoting the increasing use of classifiers to fully describe the contents of patent documents. 54 In seeking to capture the universe of patent activity the use of multiple classifiers has the advantage of cutting down repeated results and removing potentially large numbers of irrelevant results. However, this does not exclude the need to carefully check through the results to remove irrelevant results. Furthermore, as noted above, we need a method to ensure that we have captured areas of the patent system that may be relevant but are not included in the formula.
e) Enhancing Data Capture:
The simplest way to check that we have captured the patent universe and areas of activity that may be relevant for biodiversity (i.e. other areas of foodstuffs -A23, or C09 for dyes, paints, polishes, resins or G for physics) is to simply reverse the formula and check the results. To do this we will use the term ANDNOT i.e. The effect of this formula is to search for the selected biodiversity terms in all areas of the patent system outside the classifiers in the formula.
In the case of the common name maca, this produces 113 results for patent grants of which none refer to the Andean crop maca. An alternative example using the components of Banisteriopsis within USPTO patent grants produces a total of 54 raw results. However, when the ANDNOT formula below is used an additional 15 raw results emerge including relevant results relating to the use of derivatives of harmine and harmaline in imaging systems in the area of physics (G03G).
("Banisteriopsis" or "caapi" or "harmine" or "harmaline" or "tetrahydroharmine") ANDNOT icl/ (A01H$ or A01N$ or A23L$ or A61K$ or B82B$ or C07C$ or C07D$ or C07H$ or C07K$ or C08H$ or C08L$ or C11B$ or C11C$ or C11D$ or C12N$ or C12P$ or C12Q$ or C12R$ or C40B$) and isd/ (01/ 1/1990->12/31/2005) As this suggests, while the use of search formulas may at first sight appear intimidating a combination of care in the construction of formulas and cross-checking can considerably reduce the workload involved in conducting patent research for biodiversity.
One important limitation of free databases is that it will often only be possible to use short formula (i.e. for USP-TO patent applications). However, the scale of patent activity in relation to biodiversity is such that it will often be desirable to confine searches to specific sectors of patent activity.
Searching by Sector of Patent Activity
It is important to recognise that a particular species, members of a particular genus or the components of organisms may be used in a variety of ways across a range of different economic sectors. These sectors may involve different actors, serve different markets, use distinct technologies and involve claims over biological diversity at very different levels. Furthermore, the implications of patent claims may be very different between different sectors of activity.
For example, patents relating to the use of crude extract from plants or other organisms may have implications for species classified as endangered or protected under CI-TES. 55 Alternatively patents over extracts or chemical components from a plant that is regarded as sacred may raise substantive issues for the indigenous peoples and/or the country concerned. However, the patenting of a whole genome (i.e. Methanococcus jannaschii from the deep sea bed) or elements of a genome such as rice (Oryza sativa) will have different implications to that of an endangered species, a plant extract or chemical compound.
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Using the IPC codes provided in the formulas above, we can begin to engage in a more detailed exploration of the international patent system by sector of activity in an organised way. The details of the classifiers used in the formulas above are provided in Table Six . Additional classifiers for potential areas of interest for sectoral analysis are also included and marked (*). We have seen earlier that the vast majority of references to biodiversity and the components of organisms fall into 11 main areas (classes) of the patent system (in italics).
We have also seen that the use of sub-classes allows researchers to limit the results when seeking to capture the universe of patent activity in relation to a species, genus or components of interest. Combinations of these IPC subclasses permit the analysis of activity by sector (i.e. agriculture) and the type of technology involved (i.e. recombinant genetic engineering).
To do this, we will begin by identifying one or more main indicators for a particular sector (i.e. agriculture). We will also use a series of classifiers for particular areas of science and technology within that sector (i.e. organic chemistry or biotechnology). These classifiers can then be combined when conducting searches. As an aid to researchers a matrix of the main sector and technology indicators is provided in Annex 2. We now turn to a brief discussion of each sector.
Agriculture: (main indicator A01H)
In the case of agriculture the logical starting point for research is to combine a search for a species or genus with the main IPC classifier for agriculture (A01H If we wished to capture patent activity in relation to the general area of agriculture and biotechnology in relation to a particular variety, species or genus a basic formula for the sub-sector would appear as follows.
(variety or species or genus) and (A01H or C07H or C12N15 or C12N5)
If we then wished to narrow the search to focus only on genetic modification in the realm of agriculture we might focus on just two indicators -A01H1 for modification of genotypes and C12N15/82 for recombinant genetic engineering for plants as follows:
(variety or species or genus) and (A01H1 or C12N15/ 82)
The first of the formulas for agriculture casts the net widely in relation to indicators for biotechnology. The second formula narrows the focus to only those areas of the patent system relating to the modification of the genotypes of plants (plant genetics) and recombinant genetic engineering for plants.
The reason that the term "or" is used in these formulas is that patent classifiers are awarded by patent examiners in patent offices around the world. In some cases, patent examiners may award one classifier (i.e. A01H1) in other cases they may award another classifier (C12N15/82) while in other cases they will use both. The use of the term "or" captures all of these possibilities. 58 However, the term AND (i.e. A01H1 and C12N15/82) can also be used to explore only those patent documents that are linked together. This is particularly important where there are large numbers of results or when dealing with emerging areas of technology (i.e. nanotechnology). The matrix in Annex 2 provides a guide to constructing these formulas by sector and area of technology. Creative experimentation in constructing formulas is strongly encouraged.
Biocides: (main indicator A01N)
For plants or other organisms with biocidal properties the logical starting point for patent research is indicator A01N (153,118 publications world-wide by mid-2005). In the case of neem ("Azadirachta indica" or "azadirachtin" or "neem") a total of 655 patent grants are recorded within the USPTO patent grant database containing one or more of these terms. Of these patents a total of 377 (57.5%) are classified under A01N for biocides. Where dealing with large numbers of results this therefore provides a logical starting point for analysis. The outstanding results can then be reviewed as analysis proceeds. For example, the remaining results in relation to neem are predominantly located under heterocyclic compounds within organic chemistry (C07D) and refer to the use of derivatives from neem as pesticides.
A formula that would capture the majority of activity for a biocide such as neem is:
(genus or species or component) and (A01N or C07D) The search can then, as needed, be extended to other areas, i.e. DNA under C07H and biotechnology i.e. C12N to C12S (see below) to build up a fuller picture of patent activity relating to biocides across a range of areas of technology related to biodiversity.
Foodstuffs: (main indicator A23L)
The main classes for foodstuffs stretch from class A21 for Baking and Baking Equipment, to class A22 for Butchering, and Meat Treatment and processing of Poultry and Fish to A23 Food or Foodstuffs or their treatment not covered elsewhere. As this suggests foodstuffs are a large area of the patent system. However, many of these indicators appear not to involve direct claims to biodiversity or will be covered by other classifiers in the formula. For example, the use of microorganisms or enzymes in baking will already be captured by C12S in the formula.
Within this area of the patent system the main indicator for patent claims over biological diversity appears to be located in sub-class A23L (over 100,000 publications worldwide). A search for the use of a particular plant or organism in nutritional supplements or foodstuffs would logically begin here. This search might then be extended to animal fodder (i.e. A23K) and to the main indicators for ethnobotanical/traditional/herbal medicines (A61K35 and A61K36 see below). The basic formula for such a search is:
(genus or species or component) and (A23K or A23L or A61K35 or A61K36)
Once again, this is a logical starting point for research on the use of a particular species or genera or components within the foodstuffs sector, including nutraceuticals. The matrix provides further guidance on searching this sector in relation to specific areas of technology.
Cosmetics and Dental Preparations: (main indicators:
cosmetics -A61K7, A61K8; dental -A61K6)
The main indicator for dental preparations (i.e. toothpastes) within the patent system is sub-class A61K6. The main indicators for cosmetic preparations are A61K7 (historic) and A61K8 (new). To limit the search only to dental preparations use A61K6 and for cosmetics use both A61K7 and A61K8 i.e.
(genus or species or component) and (A61K7 or A61K8)
In common with the other classifiers, these indicators can also be used to extend the search by technology sector i.e. C07H for DNA, C12N to C12S for biotechnology or B82B and A61K9/51 for nanotechnology (see below).
Ethnobotanical Medicines: (main indicators A61K35 and A61K36)
The main indicators within the patent system for ethnobotanical medicines (traditional or herbal medicines) are A61K35 and A61K36. Patent activity in this area is dominated by material from plants (i.e. 59,721 publications). Until January the 1 st 2006 medicinal plant material was classified under A61K35/78. However, in view of accelerating demand in this area a new classifier A61K36 has been introduced in IPC8. This 58 IPC8 advocates the use of increasing numbers of classifiers.
The problem of individual classifiers awarded in different areas of the patent system that relate to the same type of material or technology should therefore diminish over time.
classifier refers to "Medicinal preparations of undetermined constitution containing material from algae, lichens, fungi or plants, or derivatives thereof, e.g. traditional herbal medicines" and is accompanied by a series of detailed classifiers for species and genera.
A basic search for activity within this sector would appear as follows:
(genus or species or component) and (A61K35 or A61K36)
This type of search can as necessary be targeted towards plant material (i.e. A61K35/78 or A61K36) or extended to incorporate areas of technology within the patent system.
Medicinal/Pharmaceutical Compounds: (main indicators A61K35 and A61K31)
The main indicators for Medicinal/Pharmaceutical compounds are A61K35 for compounds with undetermined constitution and A61K31 for compounds that are wholly or partially described. Classifier A61K35 primarily refers to ethnobotanical medicines and crude extracts and has been addressed above. In contrast A61K31 is the main indicator for pharmaceutical compounds.
Classifier A61K31 encompasses a variety of types of chemical compounds arising from biodiversity. These range from partially described organic compounds from plants and other organisms using biological trivial names, to semi-systematic names for natural compounds, fully described or "characterised" compounds and their derivatives, and synthetic compounds and their derivatives. This area of the patent system is a major area of international demand i.e. in relation to pharmaceutical companies.
Where the chemical components of a particular species or genus of interest are wholly or partially described they will be classified under A61K31. This classifier thus represents the logical follow on for any research relating to ethnobotanical medicines (i.e. from plants under A61K35/ 78 and A61K36). A researcher seeking to understand patent activity in relation to a specific plant or organism in the area of medicines can simply construct the following formula:
(genus or species or component) and (A61K35/78 or A61K36 or A61K31) 59 At a more detailed level the International Union of Pure and Applied Chemistry has developed a classification (nomenclature) for chemical compounds. 60 This includes Section F on Natural Products containing 148 fundamental parent structures i.e. alkaloids, terpenoids. These parent structures are generally heterocyclic (see A61K31/33) but also appear in carbocyclic form (C07C).
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The increasing use of combinatorial technology (libraries of compounds or genetic material) in the pharmaceutical and biotechnology sectors is reflected in the recent addition of sub-class C40B within the International Patent Classification (IPC8) that entered into force in January 2006. This indicator will become increasingly available for research within the major jurisdictions as patent offices reclassify patent documents to reflect the changes in IPC8.
It is strongly recommended that researchers seeking to conduct patent research in relation to natural product compounds should study the patent classification in further detail, possess a good knowledge of organic chemistry, or seek advice from qualified chemists.
Organic Chemistry: (C07 and C08)
In the context of debates surrounding biopiracy much attention has focused on the pharmaceutical and agricultural sectors. However, the wider sector of industrial chemistry and its related sub-sectors merits greater attention.
Organic Chemistry encompasses a wide range of activities and sub-sectors. There are a number of main indicators for industrial organic chemistry. Thus the general indicators for organic chemistry are C07 (Organic Chemistry) and C08 (Organic macromolecular compounds). In the case of biodiversity initial attention might usefully focus on Heterocyclic compounds (C07D), Carbocyclic Compounds (C07C) and 'Derivatives of natural macromolecular compounds' (C08H) or 'Compositions of Macromolecular compounds' (C08L).
DNA (C07H):
DNA related patent activity is located in two main areas of the patent system. First, under CO7H for "Sugars, Derivatives thereof, Nucleosides, Nucleotides and Nucleic Acids". Second, under biochemistry within class C12.
59 Note that the USPTO database requires the insertion of a zero after the sub-class letter in order to identify groups and subgroups. Thus A61K35/78 becomes A61K035/78. For searches on the sub-class level to capture relevant groups and sub-group the following constructions should be used i.e. A61K036$. For example: («lepidium») and icl/(A61K035$ or A61K036$ or A61K031$). Where sub-groups are included within formulas i.e. A61K35/78 the "/"should be removed to form the following formula («lepidium») and icl/ (A61K03578$ or A61K036$ or A61K031$). Research relating to DNA is best conducted using C07H and C12 (see below). The reason for this is that some patent offices may generally classify DNA under C07H while others will only classify DNA under the main indicators for biotechnology in C12 (i.e. C12N to S). Combining the classifiers in a search formula is more likely to enhance data capture (see below).
Peptides (C07K):
Peptides are short strings of amino acids that form part of a protein. The main indicator for peptides is CO7K and this is a very significant area of demand for patent protection. Peptides may be used in a variety of sectors of activity and classifiers can as necessary be combined to target associations (i.e. A61K31 and C07K). Links between peptides under C07K within Organic Chemistry and the main classifiers for biotechnology (C12N to S) are extremely strong.
Dyes, Paints, Resins, Adhesives (C09):
Specific areas of interest in industrial chemistry include C09 which encompasses Dyes, Paints, Polishes, Natural Resins, Adhesives and other applications of materials not addressed elsewhere. See in particular: C09B for Organic Dyes; C09D for Coatings, paints and varnishes; C09F for natural resins; C09H for glues, C09J for adhesives, and; C09K for other materials and applications. This area of the patent system is not presently included in the general formula but should be borne in mind in conducting searches and as a focus for sector analysis.
Oils, Fats, Waxes and Perfumes (C11):
In connection with animal or vegetable oils, fats and waxes the main indicator is class C11. This classifier includes: Producing or refining fats, oils and waxes (C11B), Fatty acids (C11C); Detergents (C11D). Research in relation to biodiversity and the perfumes sector will logically target classifier C11B9 (Essential oils; perfumes). This is an emerging area of demand for patent protection with 15,155 publications worldwide by early 2006. 62 A significant association exists between patent activity for foodstuffs under A23L and C11B9 for perfumes (3,143 publications worldwide) and C11B9 for perfumes and C07D for heterocyclic compounds (2,907 publications worldwide). These areas of the patent system are included in the search formula provided above for general searching.
Further research is recommended on other areas of industrial chemistry that may involve biological diversity notably in the area of Physics (Section G) and the use of compounds originating with biological diversity and trends in biotechnology (below).
Biochemistry and Biotechnology (C12N to C12S):
An underlying review of global patent activity using an OECD working definition of biotechnology revealed that the main indicator for Biochemistry and Biotechnology is class C12.
63 Within this class the most important indicators in relation to biotechnology are sub-classes C12N, C12P, C12Q and to a lesser extent C12S. Researchers interested in the analysis of the role of biodiversity (including humans and animals) in biotechnology should focus their research on these main classifiers.
Microorganisms (C12R):
Researchers interested in microorganisms should also note the use of the indexing classifier C12R for described microorganisms (a category including cell lines).
64 This is incorporated in the formula for general searches for this reason. However, the classification of microorganisms is based on an old version of Bergey's Manual of Determinative Bacteriology. 65 While representing a useful starting point, researchers focusing on microorganisms may also wish to consider rapidly expanding searchers to classifiers C12N, C12P, C12Q and C12S. Additionally, classifiers for Peptides (C07K) in chemistry are likely to enhance the search results.
Human and Animal biological and genetic material (C12 and C07H):
As a general observation, the vast majority of human and animal genetic material within the patent system will be located within classifiers under C12 provided above and search formulas relating to DNA should include C07H to enhance data capture.
Stem Cells (C12N5):
In the case of research relating to undifferentiated human, animal, and plant tissues or stem cells and plant meristems the classifier C12N5 is the logical starting point for research. Targeted research can be conducted for: human material under C12N5/08; animal material under C12N5/ 06, and; C12N5/04 for plant material. 66 It should be noted that the search should then be expanded to include the wider classifier C12N5 in order to enhance data capture.
Genomics:
Researchers focusing on issues such as genomics (the genetic complement of a cell or organism) may wish to 
Proteomics:
In the case of the emerging area of proteomics (the protein complement of a cell or organism) a total of 3,690 patent documents were recorded in the main jurisdictions between 1991 and the end of 2005. Of these 3,018 are collectively located in classifiers C07H, C12N, C12Q, G01N or G06F representing 81.78% of patent documents containing the term proteome.
Nanotechnology:
Patent activity in relation to nanotechnology has become an increasing focus of international demand and public and policy attention. In response to this IPC indicators have been introduced for nanotechnology. The key indicators in this area within the IPC are B82B (parent B82) and A61K9/51 for nanocapsules for medicinal preparations. In addition the USPTO has introduced classifier 977 and the European Patent Office has now incorporated a "tag" Y01N within the European Classification to facilitate the identification of nanotechnology patents in esp@cenet. In order to explore bionanotechnology the main biodiversity classifiers should be combined with nanotechnology classifiers. For example, patents relating to ethnobotanical medicines (A61K35/78 or A61K36) can be identified by adding either B82B or A61K9/51 to the search using the IPC (i.e. A61K35/78 or A61K36 and B82B or A61K9/ 51).
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Bioinformatics:
Finally, the convergence of disciplines and technologies surrounding biodiversity on the cellular and the genetic level has largely been made possible by the application of information technology in the area of "bioinformatics". Initial research suggests that classifier C12Q1/68 (Measuring or testing processes involving nucleic acids) combined with the classifiers in Physics (G01N and G06F) represent important starting points for further research in relation to patent activity for bioinformatics.
The Domains of Life:
In an ideal world research on biological diversity and the patent system would perhaps proceed in accordance with the main domains of life as they are understood by biologists (Eukarya, Bacteria and Archaea).
69 This is particularly significant in a context in which the TRIPS agreement requires patent protection for microorganisms. At present, the patent system classifies material from Eukarya (i.e. humans, animals and plants) as microorganisms whereas this classification is more appropriately applied to Bacteria and Archaea.
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On a more general level, the International Patent Classification system does not seek to answer the questions that researchers may be asking about biodiversity. The recent adoption of IPC8 and the introduction of indicators for ethnobotanical medicines raises the prospect that clearer indicators may be introduced to facilitate analysis of patent activity for the major domains of life.
Conclusion:
In this section we have moved from conducting simple searches for biodiversity using basic formulas to more advanced searches using IPC classifiers to target sectors of activity and areas of technology. The use of IPC classifiers may at first sight appear intimidating and the demands of different databases (i.e. the addition of zeros) can be frustrating. For many researchers the simple searches provided above may be sufficient.
However, the International Patent Classification system exists to facilitate patent research. An initial combination of time, patience and a willingness to experiment with formulas will ultimately save time in conducting detailed and accurate patent research at a later stage. The use of IPC codes will also be central to the wider task of developing indicators for patent activity relating to biodiversity and traditional knowledge on the national, regional and international level. These issues are addressed in the companion paper Biodiversity and the International Patent Classification: Towards International Indicators. We now turn to the use of the methods outlined in this section to construct an international patent portfolio.
67 Search conducted using Micropatent Aureka Gold for US (applications and grants), EP (applications and grants), PCT (applications), Japan (applications), Germany (applications), France (applications) and UK (applications).
68 In the case of esp@cenet this functions by searching using the ECLA search category combined with biodiversity indi cators. Note that in some cases it may be necessary to consult the ECLA via esp@cenet to identify relevant classifiers in ECLA format. We have seen above that searches for biodiversity related patent activity can be constructed in a variety of ways, ranging from very simple searches, to searches combined with classification codes between specific dates and searches by sector of activity.
The development of an international patent portfolio for a species, genus, family, the components of an organism or a specific sector consists of a series of simple steps. volved in this process can be compressed where using commercial databases covering the main patent jurisdictions.
Step 1: national level
The results of searches of the national level database (where available) should be checked to remove irrelevant results. The patent publication numbers should be compiled in a list. The relevant documents should also be printed and stored for further research (where the results are manageable).
Step 2: United States Patent and Trademark Office
Enter a simple formula i.e. ("Lepidium meyenii" or "maca") into the USPTO Patent Grants Advanced search facility. Print the results and remove false returns. The patent numbers should then be written down or copied into a table.
Where there are large numbers of results use an IPC formula to target areas of the patent system relating to biodiversity (below). Cross check for missing results by reversing the formula using ANDNOT. The results pages for this search should then be printed off and checked by hand and the patent numbers compiled. The procedure should then be repeated using the USPTO Patent Publications Database. Note that the use of IPC search formulas is more limited in the case of the Publications Database.
The results of the searches on the national level and at the USPTO should then be compiled into one table of publication numbers. At this stage commas should be removed and the country code i.e. US for the United States or MX for Mexico should be inserted before the number. 72 The combined results of this exercise for Lepidium meyenii/ maca are provided in Table Seven . In total the results of this search revealed 9 patent grants and 26 published patent applications.
Before entering into the next step in the procedure using esp@cenet it is important to note that patent publication numbers may be used in different ways in different databases. Thus, the USPTO records patent publication numbers in the following format i.e. 20060034897. However, in esp@cenet the first zero following the year may not be recorded and may give the impression that the document is not present. In practice it can often be located by removing the first zero after the year i.e. US20060034897. This appears to reflect difficulties in pursuing and implementing harmonized data formats. Step 3: esp@cenet The next step in the process involves conducting an additional search for patents within esp@cenet using the search terms. This will assist with picking up additional patents that make reference to the search terms in the title or abstract of publications in English.
Short formula can also be entered into the title or abstract search box (upto four terms) i.e. "Lepidium meyenii" or "maca".
If many irrelevant results are encountered it is often possible to reduce false returns by entering A or C into the International Patent Classification search box and to cross check for any missed results using sections of the IPC (i.e. B for transporting, G for Physics etc).
At this stage the research will begin to pick up patent documents containing the search terms in the title or abstract from other countries as can be seen in Figure 7 for Japan (JP). The results of the searches should then be printed off, checked for relevance, and the patent publication numbers should be compiled in a table. It is also possible to temporarily save upto thirty results from different searches within esp@cenet by selecting results for storage in "my patents" or to retrieve the data from freepatentsonline.com or the BIOS "Patent Lens".
The additional list of patent documents that have been compiled through this combination of methods is presented in Table Eight .
The important point here is that we are beginning to capture patent applications under the Patent Cooperation Treaty and individual patent applications in countries such as Japan and China.
The next sub-step in the procedure is to compile a complete list of patent publication numbers from the national, USPTO and esp@cenet searches. In the case of USPTO patent publication numbers it may be necessary to remove the first zero following the year of publication so that US20060034897 becomes US2006034897. In
Step 4 we will enter each of these patent publication numbers into the esp@cenet database with the aim of capturing additional information. Specifically, we will focus on capturing additional information on "patent families".
Step 4: Collecting Additional Information on the Patents:
Patent Families:
A patent family as defined by the International Patent Documentation Centre (INPADOC) is a set of patents that all link to a single patent document by the priority number. 73 This number is awarded when a patent is filed anywhere in the world for the first time. Any subsequent patent publications or applications, i.e. under a regional instrument or the Patent Cooperation Treaty, that links to this priority number form part of the patent family.
We can compile information on the patent family to place in the inter- national patent portfolio using the list of patent publication numbers previously collected. The steps involved in compiling additional information can be illustrated for patent publication number JP2005281272 as follows. Patent families include patent publications by the same applicant, patent publications under regional and international instruments and patent publications in other jurisdictions. The type of patent publication (i.e. an application, a re-publication with a search report on the prior art, or a patent grant) can be understood through the analysis of "kind codes" that feature after the publication number. 74 These codes will provide information on the stage that an application has reached within the patent procedure in the relevant jurisdictions.
For the purposes of the compilation of an international patent portfolio the patent publication numbers should be copied into a table. The international patent portfolio for Lepidium meyenii and maca is provided in Annex 3 for the purpose of illustration.
This procedure reveals a series of additional applications and patent grants within patent families linked to our sample including: Australia, Brazil; Canada; China; the European Patent Convention; France; Japan; Mexico; the Patent Cooperation Treaty; Poland; the Russian Federation, and; the United States.
Legal Status Information:
Using esp@cenet it is also possible to obtain information on the legal status of patent documents in the patent procedure by selecting "INPADOC Legal Status". In some cases (i.e. JP2005281272) no information is available. In other cases the Legal Status information can prove to be revealing. The following example is taken from a histo- The use of legal status information can therefore provide useful information on whether a patent application is being pursued, the status of an application in the patent procedure within particular jurisdictions and whether the patent is in force. Legal status information will also include information on whether patent ownership has been transferred ("assigned") i.e. between companies or individuals.
Step 5: Compiling Additional Documentation:
In the case of patent documents that are examined by the European Patent Office (i.e. European Patent Convention and PCT or WO applications) additional documentation is frequently available through the separate Online Public File Inspection. This is a very important service through which communications between the patent office and applicants are ultimately made available for public inspection. 75 This information is only available for patent documents processed by the European Patent Office.
For example, patent application WO0051548 concerning "Compositions and Methods for their Preparations from Lepidium" provides extensive information, including 261 pages of prior art provided by the Institute for the Defense of Competition and Intellectual Property (INDECOPI) in Peru objecting to the patent application. Further information on the status of a patent may be available by selecting the European Patent Register. Step 6: Compiling the International Patent Portfolio
The final step in the procedure is to compile and order the information in an international patent portfolio. This can be done in a variety of ways, i.e. in a word document, an Excel spreadsheet or database formats as a basis for further research or monitoring activity. The full patent portfolio arising from this procedure for the search terms Lepidium meyenii or maca is provided in Annex 3.
In developing an international patent portfolio it is impor-75 The Online Public File Inspection is available through <http:/ /ofi.epoline.org/view/GetDossier>.
76 The Online Public File Inspection is available through <http:/ /ofi.epoline.org/view/GetDossier>. tant to recall that the contents of the portfolio are restricted to the search terms used. Thus, this example has limited the searches to Lepidium meyenii and maca. Wider research on the genus or in relation to the components of organisms may yield further relevant results. For the purpose of illustration interesting results for Lepidium and the "p-methoxybenzyl isothiocyanate" are included in the portfolio provided in Annex 3.
Section IV: Assessment Criteria
"Considering the exclusive right to invention as given not of natural right, but for the benefit of society, I know well the difficulty of drawing the line between the things which are worth to the public the embarrassment of an exclusive patent, and those which are not." Thomas Jefferson 1813.
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In approaching the assessment of patent activity revealed within an international patent portfolio we will focus on the human rights, ethical, social, scientific, economic, environmental and legal dimensions of patent activity. This involves the development of a series of questions that can be applied to portfolios for individual species, a genus, the components of organisms or to sectors of activity and the technologies employed within those sectors.
In approaching the analytical assessment of patent activity a systematic approach is desirable. This approach will ideally combine quantitative assessment criteria (i.e. who is doing what, where and how?) with qualitative assessment criteria (i.e. what are the implications of activity?). On a wider level this can be linked to the development of statistical indicators and statistical analysis to inform decision-making. 78 The following lists of questions are intended to provide a basic guide to assessment criteria.
Quantitative Assessment Criteria:
1. Who is engaged in patent activity in relation to biodiversity and traditional knowledge (i.e. individuals, companies, public research organisations such as universities) and from which countries? Quantitative assessment criteria are intended to assist with developing a fuller picture of the nature of patent activity as a basis for the analysis of the implications of this activity. To make this easier a draft coding matrix is provided in Annex 4 for use when reviewing patent portfolios.
Qualitative Assessment Criteria:
Qualitative assessment refers to the analysis and assessment of the implications of patent activity revealed in a portfolio. It is at this stage that we can begin to ask questions surrounding the concept and nature of biopiracy. Specifically, we can begin to interrogate the meaning of biopiracy and to set this within the context of the wider assessment of the human rights, ethical, social, scientific, economic, environmental and legal implications of patent activity in relation to biodiversity and traditional knowledge.
Qualitative assessment should be evidence based but will also require subjective judgement. The important point here is that such judgements should be reasoned. At this stage we can begin to ask the following basic questions in relation to patent activity revealed in the portfolio.
a) Human Rights and Ethics:
1.Do patents within the portfolio involve substantive human rights issues? 2.Do patents within the portfolio raise substantive ethical issues?
Examples of issues to be considered here include whether patent activity raises substantive human rights issues under international, regional or national laws relating to the rights of indigenous peoples or the rights of individuals (i.e. in relation to traditional knowledge or human genetic material).
In a broader sense the analysis of a patent portfolio involves moral or ethical judgements surrounding the contents of patent applicants and grants. These judgments will vary according to the moral and ethical value systems within particular countries and societies, the procedures and methods through which material disclosed was obtained and manipulated, and the type of organism or material involved.
Two basic approaches to ethical analysis of patent activity can be said to predominate. The first is represented by a principalist approach i.e. as a matter of moral or religious principle should biological diversity be the subject matter of intellectual property rights? Answers to this question are likely to vary. However, the important point is to bring the moral valuations that provide the basis for such answers into focus.
The second approach is consequentialist. That is, what are the likely consequences of permitting patent protection for society, sectors of society, and individuals? That is what 'goods' will be served if patent protection is permitted relative to the likely 'bads' that may result? On the basis of these judgements it is then possible to determine whether patent protection should be permitted and to establish norms in the form of rules to implement decisions based on those judgements. This is likely to take the form of prohibiting patentability, permitting patentability, or restricting patentability in a variety of ways. This may also take the form of developing alternative incentive measures and governance models.
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As this suggests questions surrounding the assessment of the ethical dimensions of patent protection require a series of balanced judgements. The nature of the ethical questions and judgements required may vary according to the context and subject matter. For example, patent activity relating to the collection of material and knowledge among indigenous peoples raises issues that are somewhat different to, but may overlap with, the ethical issues surrounding the patenting of human embryonic stem cells in relation to the rights of women, gender and valuations surrounding the status of embryos.
Issues surrounding the ethics of permitting patentability are explicitly recognised within the patent system in the form of "ordre public or morality" clauses. However, this is an area in which patent examiners and patent professionals lack both training and authority to make decisions. In response to this problem European countries are increasingly turning to specialists to advise on the ethical implications of permitting patentability in particular areas (i.e. stem cells) on the national, regional and international levels. This is also reflected in the adoption of an increasing number of codes and guidelines that address ethical issues surrounding patentability (i. Human Rights, 81 and the work of the Commission on Human Rights and related bodies).
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While these developments are to be welcomed, judgements surrounding the ethics of patentability should appropriately be made as part of a wider public debate that simultaneously recognises that common moral values may exist and the reality that in a world characterised by multiculturalism and multiple value systems there will be a variety of overlapping and competing perspectives. The analysis of patent portfolios will not in itself resolve these issues. This approach will however contribute to promoting public debate and decision-making that is informed by evidence based analysis.
These types of questions ultimately link to wider questions surrounding the implications of patent activity for society.
b) Social Issues:
3.Do patents within the portfolio raise substantive social issues?
Examples of issues to be considered here are whether the patent is likely to positively contribute to society by making new knowledge and innovations available within that society? The assessment of this question will need to be balanced against assessment of whether the patent may generate negative impacts such as restricting access to medicines, agricultural resources, scientific knowledge or technological innovations.
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For example, the patenting of traditional medicines within developing countries may raise substantive social issues surrounding whether such behaviour is appropriate in relation to the rights of indigenous peoples or knowledge and material regarded as forming part of the 'collective' national heritage. Substantive questions may also be raised surrounding gender and the status of women i.e. in relation to traditional knowledge or the implications of the collection of unfertilised eggs during IVF treatment that may subsequently form the foundation for patent applications.
c) Science:
4.Do patents within the portfolio raise issues for science and the openness of science (positive or negative)?
Examples of issues to be considered in the assessment of the implications for science include evaluation of the quality of the scientific contribution set out within the application or grant. At this point assessment of whether the knowledge, methods and material set out within the application is new, involves an inventive step (is non-obvious), and is capable of industrial application is appropriate. Furthermore, is the information provided within the patent sufficiently clear that someone "skilled in the art" could reproduce the claimed invention based on the information provided?
This in turn is linked to the question of the nature of the claims set out in the application. Thus, does the patent clearly disclose a definable product? Alternatively, are the claims within the patent constructed in such a way as to encompass all potential conceivable uses, or multiple uses, of the biological and genetic material? Particular attention should be paid here to patents that make reference to the components of organisms on the species, genus, family and class level and to the use of terms such as "comprising" and "homology" or "homologous" or similar terms intended to maximise the scope of protection. These patents commonly fall into the category of "research tools" style patents intended to make claims over the basic components of organisms and basic scientific knowledge (i.e. raw extracts, compounds, DNA and proteins such as enzymes) rather than a specific product.
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The assessment of the scientific content and quality of patents within a portfolio or multiple portfolios can contribute to the assessment of the wider implications of patent activity for the science community (broadly conceived) on the national level. In particular, this assessment can contribute to developing analysis of the potential or actual positive impacts of patent protection upon science and innovation and the potential or actual negative impacts of permitting patent protection. Here it may be noted that these questions are increasingly at the heart of intensifying debates surrounding science and the patent system in developed countries. The rationale for permitting patent protection in relation to biological and genetic material and traditional knowledge is ultimately an economic one. The key argument here is that in the absence of incentives to invest in innovation this will not take place. When viewed internationally, a central argument behind the internationalisation of patent protection is that in the absence of the security provided by patent protection, companies and other economic actors will not possess security that their inventions will not be cheaply reproduced by potential competitors. This lack of security represents a disincentive to invest in research and development in the country concerned or to make the product available in the country concerned. This is particularly true, it is argued, in the case of "knowledge" goods that are easily reproduced once the knowledge and techniques involved are known.
In approaching the economic implications of patents within a portfolio a two stage approach is likely to be the most practical. The first of these relates to patents that may be held over biological and genetic material within a specific country (i.e. a country of origin). The second stage involves considering the economic implications of patent activity in other countries.
On the national level the central questions are: 1. Does the applicant make a substantive contribution to new knowledge directed towards contributing to the economy by making a new and useful product available within the country? 2. Is the application or grant essentially speculative in character and directed towards securing rents through licensing?
3. Will the award of a patent within the country of origin impact upon economic activity relating to that material or knowledge within the country of origin (i.e. positively or negatively)? 4. Is any evidence provided of benefit-sharing, or intentions to engage in benefit-sharing, with indigenous peoples, farmers or local communities providing knowledge or material disclosed in the patent application?
5. What will be the implications of the patents for the realisation of the Millennium Development Goals and related development commitments.
In relation to patent activity outside the country of origin the following questions arise:
1. Will patent grants in relation to the claimed material impact upon the capacity of the country of origin to export the material, either in raw or modified product form, into jurisdictions where patent protection is in force? 2. Is any evidence provided or otherwise available for benefit-sharing agreements or arrangements to share benefits with communities and countries of origin? 5. Is the patent likely to make a substantive contribution to new knowledge directed towards contributing to the economy of the country where the patent is in force, or being sought, or is it essentially speculative in character?
These questions are located in the wider context of debates surrounding the positive and negative impacts of patent activity upon Foreign Direct Investment (FDI), enhanced trade in goods and services, and technology transfer in relation to patent activity. 86 To date, the evidence for such positive effects has been both limited and mixed in the case of developing countries. 87 However, limited attention has so far been paid to economic analysis of the relationship between biotechnology and patent protection in developing countries. Furthermore, the relationship between the patent system and competition policy in the biotechnology sector is an increasing focus of attention on the national and international level.
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The analysis of patent portfolios is likely to make a constructive contribution to evidence based approaches to the actual economic effects of patent protection in relation to biodiversity and traditional knowledge in an era of globalisation. This analysis is presently severely lacking and is linked to the need to develop indicators of national, regional and international activity to inform analysis and decision-making for patent activity in relation to biological diversity and traditional knowledge. The association between patent activity and environmental issues relating to the conservation and sustainable use of biological diversity may be indirect. 90 That is impacts upon the conservation status of a particular species, or the impacts of a particular technology such as "Terminator" or Genetic Use Restriction Technologies (GURTS), featuring in a patent portfolio may occur independently of the existence of patents.
However, patent activity contained within an international patent portfolio can serve to highlight emerging trends and provide a basis for analysis of the implications of new technologies in accordance with the precautionary principle. 91 The following basic questions arise in relation to the environmental implications of patent activity for biodiversity. 7. Do patents within the international patent portfolio raise substantive legal issues?
Legal issues arising within an international patent portfolio relating to biological diversity will be observable on a variety of different levels and encompass a range of areas of law including the customary laws of indigenous peoples. In the first instance analysis of the legal implications of a patent portfolio should proceed with analysis of compliance with national legislation relating to access to genetic resources (where such legislation exists) and other relevant areas of law i.e. the customary laws of relevant indigenous peoples. The analysis should then proceed to regional and international level agreements, treaties and Conventions. In considering international level agreements attention is drawn to the need for assessment of the relationship between the provisions of the Convention on Biological Diversity and the TRIPS agreement as a key point of contention in international debates.
Conclusions and Recommendations:
The methods set out in this paper provide a practical guide to conducting research on patent activity for biological diversity and traditional knowledge within the international patent system. While the problem of biopiracy has become a major focus of attention within developing countries, this paper has revealed that the problem must be seen in the wider context of concern surrounding the implications of patent protection in both developing and developed countries.
As the OECD has remarked, one central problem with the internationalisation of the patent system over the course of the last 20 years is that this process of expansion was not based on 'hard economic evidence or analysis'. 96 Limited attention was also initially paid to the evidence based analysis of the human rights, ethical, social, scientific, economic, environmental and legal implications of this process. Where such analysis has been conducted it has generally been limited to consideration of specific issues (i.e. patentability for DNA, the ethics of stem cell patents). The relative paucity of attention to the economic justification for the extension of patent protection into the realm of biological diversity and the wider implications of intellectual property appears to owe more to the influence of pressure groups and rent-seeking behaviour than attention to evidence.
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This paper has argued that the assessment of patent activity in relation to biodiversity and traditional knowledge requires an integrated evidence based approach that combines quantitative and qualitative analysis. Taking into account the scale of patent activity in relation to biodiversity this can best be achieved through the promotion of increased research collaborations between individuals and organisations directed towards, but not limited to, the main questions provided in this paper. These collaborations will ideally contribute to a wider open review or audit of the patent system and the purposes it is intended to serve in the 21 st Century.
The pursuit of evidence based assessment of patent activity for biodiversity and traditional knowledge is occurring at a time of rapid transformations in scientific understandings of biological diversity on the genetic and the cellular level. As we have seen in this paper this is reflected in the wide range of techniques and technologies that are being applied to biological diversity within the patent system. The transformations described in this paper are being heralded by some as the emergence of a "knowledge based bioeconomy" that promises the arrival of technologies and products that are "clean, clever and competitive". 98 Intellectual property protection is seen as central to this process.
However, the application of a single model of intellectual property protection to diverse areas of science and technology is increasingly being questioned by civil society organisations, the scientific community and industry. At a time of dramatic transformations in science and technology we need to take a step back and allow ourselves to ask bold questions. What do we want the world to look like and what purposes should the emerging bioeconomy serve? What is the appropriate role of the patent system in pursuing those purposes and what adjustments are necessary? On a wider level what alternative models might be developed to promote science and innovation directed towards those purposes that recognise the human rights, ethical, social, economic, environmental and legal contexts in which particular models are located?
In seeking to address these questions this paper provides four practical recommendations:
1.
The formation of open-ended interdisciplinary research groups to conduct and coordinate evidence based analysis; 99 2.The refinement and improvement of research methods for biodiversity, traditional knowledge and the patent system; 3.The development of indicators on the national, regional and international level to inform science, society and policy;
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